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Abstract 
This paper presents a new wireless sensor network energy-efficient MAC protocol, ES-MAC protocol, and shows the results of 
simulation experiments. During the transmission the nodes do not send  ACK packages while use a small amount of new 
information packets, so they can reduce unnecessary energy loss and wasted time. The theoretical analysis and simulation results
show that ES-MAC protocol reduces energy consumption while reducing network latency and improving network throughput. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
In wireless mobile communications, the mobile communication network which we are familiar with is based on the 
default network infrastructure to run a centralized network. With the rapid development and increasingly sophisticated of 
communication technology, embedded computing and sensor technology, micro sensors with perception, numeracy and 
communication capabilities appear in the world. Wireless sensor networks can collaborate in real-time monitoring, sensing 
the distribution and collecting the information from a variety of environment or monitoring objects within the region of 
networks, and then process the information, to obtain detailed and accurate information, finally send it to the user who 
needs. Because the sensor nodes computing power, storage capacity, communication capacity and energy to carry are very 
limited, each node can only obtain general information about local network topology, also the network protocol that the 
nodes run with can not be too complicated. Sensor network protocols are responsible for that each individual node forms a 
multi-hop data transmission network, this paper studies the data link layer Media Access Control MAC protocol [1-4].
S-MAC [5-6] protocol based on 802.11 MAC protocol and met the energy needs of sensor network nodes, is proposed 
MAC protocols for sensor networks. 
S-MAC protocol proposed that each node uses synchronous message to notice scheduling information of their own, 
while S-MAC protocol also uses RTS / CTS mechanism to send an appointment time for the long message, and splits a 
long message into several short message for burst transfer in the appointment, in order to reliably transmit and notice 
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neighbor of ongoing communication process, destination node must send a response message (ACK) for each short 
message. In fact, S-MAC protocol usually assumes less sensor network data transmission. Therefore, when the 
transmission of data increases, also that the number of packets from the transmitter increases, the ACK packet from the 
receiving node also increases accordingly. It can’t be ignored also that the growth of energy and time increases when an 
ACK packet is sending. How to reduce the number of ACK packets sent, the reduction of the energy consumption is an 
important breakthrough. Therefore, this paper presents a wireless sensor network energy efficient MAC protocol: ES-MAC 
(Energy-Efficient S-MAC). 
2. ES-MAC protocol 
2.1 Design of ES-MAC protocol 
In this paper, ES-MAC protocol communication process is as follows: When the sending node sends information to 
the receiving node, the receiving node abolishes the ACK packet after sending each data packet, and only leaves the final 
ACK packet as a confirmation of receiving. The receiver records listening moment of the conflicting nodes by finding its 
neighbor table in the process of data packets, and notifies the sending node. When the receiver’s neighbors go to listen the 
channel, the receiver will send a short message to the sender, and can also notify neighbors to sleep. After the receiver 
receives all data packets, it sends an ACK packet to inform that all of data packets have been sent. If the receiver within the
specified time has not received all the data packets, by recording the number of data packets it can be inferred the serial 
number of packets which have not received. The receiver will send these numbers to the sender, while the sender, after 
receiving these numbers, can resend the data packet. We imitate distribution of all nodes node 1 and the sender, Node 2 
and the receiver, node 3 and the receiver, node 4 and receiver are both neighbors. Therefore, the communication process of  
ES-MAC protocol  is shown in Figure 1. 
2.2 The package design of ES-MAC protocol 
MAC layer of University of California, Berkeley Tinyos system uses S-MAC protocol [7], and it defines RTS, CTS 
and ACK packet format shown in Figure 2. 
Figure 2. The packet format of  RTS/CTS and ACK 
Before we design of ES-MAC packet format, this paper gives the following definition: 
Definition 1 T, refers to the receiver's neighbors that might conflict with the time of listening.
Definition 2 RSP (Re-send Packet), refers to the sequence number of data packet which the sender needs to send and 
the receiver does not receive 
Based on the above definition of RTS, CTS and ACK packet, and T and the definition of RSP, this paper will re-
define RTS, CTS and ACK packet, at the same time it defines a new type of packet PC (Packet and Claim, the contracting 
and declarations), shown in Figure 3 and Figure 4. By looking at T the receiver sends PC packages when the neighbor 
might conflict at listening state, in order to avoid conflict with its neighbors. 
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Figure 1.  The transmission of ES-MAC protocol(Shaded part represents the sleep state) 
Figure 3. The new packet format of  RTS/CTS and PC 
Figure 4. The new packet format of ACK 
2.3 Communication process of ES-MAC protocol 
Based on the above definition of the packet, the process of sender and receiver in ES-MAC protocol is: Before sender 
sends data to the receiver, at first it checks the information table of sender’s neighbor nodes to find listen/sleep time of 
receiver. If the sender is in a listening state and the receiver is in sleep mode, the sender goes into the sleep state, and wakes
up and listens at receiver turns into listening state. Then the sender listens if the channel is idle, and when the channel is 
idle it can communicate with the receiver. First, the sender send a RTS packet to the receiver, after the receiver receives the
RTS it sends back a CTS which included T that is the time when neighbors whom they might conflict with get into a 
listening state. After the sender receives CTS it will record T, and then begins to send data packets to the receiver. At the 
time of T comes, the sender stops sending data packets, and sets the state of the radio into waiting state and waits for the 
PC sent by the receiver. There is T in the PC packet received by the sender, it is the next time when neighbors whom they 
might conflict with get into a listening state. After the PC is received, the sender continues to send data packets. This is 
repeated until the sender sends all the data packets. T item of the last PC package is set to 0, because after the last PC is 
sent, there is neighbor nodes whom they might conflict with. At the time receiver receives the last data packet, it sends an 
ACK packet to tell the sender and other nodes that the communication is completed. 
3. Packet loss problem of ES-MAC protocol 
In this paper, the ES-MAC protocol solves the problem of packet loss. Before sender sends the RTS packet, the data 
package is in the number of Data1, Data2, ..., and it calculates the communication time, also including the sleep time. Then 
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the receiver receives the RTS packet from sender. We can The time remaining from the sleep item in, and by calculating it 
the sender can know the number of packets , which will be numbered Data1, Data2, .... In the communication, when the 
receiver receives data package, it will removed the number of packets received from of tables. Before the end of the 
communication, the receiver checks the table, if the table is empty, that there is no packet loss, and sets the ACK in the 
RSP as 0; while in the contrary there is packet loss, and set the first number of packet which we did not receive as ACK in 
the RSP packet, then sets the time how long we received all the packets as time in ACK packet. After that the receiver 
sends an ACK to the sender.  After the sender receives the ACK packet, it first checks RSP item, if the RSP is 0, it means 
that the receiver receives all data packets, or else re-sends the number of data packets which equals RSP, and then waits for 
the next ACK message packet until the RSP in an ACK packet entry is 0. 
4. The theory, analysis and conclusions in simulation of ES-MAC protocol 
This paper analyzes ES-MAC protocol with the results of theoretical and experimental data, and compares with the S-
MAC protocol on the energy and time consumption. 
4.1 The theoretical analysis of ES-MAC protocol 
In this section we compare ES-MAC protocol with S-MAC protocol who consumes more energy and time. After 
consumption of energy and time of sending RTS, CTS, ACK, PC and DATA is defined and the sum of them is calculated 
in the communication process, energy consumption of ES-MAC protocol compares to the consumption of S-MAC 
protocol while time consumption of the ES-MAC protocol compares to S-MAC protocol to find which consumes more.  
Normally in S-MAC protocol, the energy consumption how much sender sends N packets to receiver, is the energy 
consumption of sending RTS, CTS and N data packets and N ACK packets in S-MAC protocol. 
In ES-MAC protocol, the energy consumption how much sender sends N packets to receiver, is the energy 
consumption of sending RTS, CTS, N data packets and M ACK packets  in ES-MAC protocol. 
In any case M is less than or equals N-1, so M +1 is less than or equals N. However, in general when N increases, M 
is much smaller than N-1, M +1 is much smaller than N, so the energy of M PC and an ACK to send is far less than of N 
an ACK to send. Therefore, ES-MAC protocol consumes less power than the S-MAC protocol. In other words, ES-MAC 
protocol saves more energy than S-MAC protocol. In the same way, we can prove that time-consuming of sending N 
packets from the sender to the receiver in ES-MAC protocol is far less than the S-MAC protocol.In other words, ES-MAC 
protocol saves more time than S-MAC protocol. In conclusion, ES-MAC protocol in reducing consumption of energy and 
time is outstanding. 
4.2 The analysis and simulation results ES-MAC protocol 
This paper compares S-MAC protocol with ES-MAC protocol by the experimental data simulation. In the simulation 
the consumption of receiving, sending, and sleeping are respectively 13.5mW, 24.75mW and 15uW. The transmission time 
of a Data packet takes 5ms. The test was performed on 50 sensor nodes, the distribution of the nodes and communication 
range is shown in Figure 5 and the transmission of data packets is between nodes 1 and 2. 
Figure 5. The random distribution of 50 nodes 
448   Du Lijuan et al. /  Physics Procedia  33 ( 2012 )  444 – 448 
 
From Figures 6 and 7 when the number of simulation package increases, ES-MAC consumes less energy and uses 
less time than S-MAC. This is because that in the transmission ES-MAC protocol data dose not sent ACK, but instead sent 
a small number of PC packets, thereby it reduces energy losses and unnecessary waste of time. By analyzing the results 
ES-MAC protocol is more effective than S-MAC protocol when the number of data packets increases. In conclusion, ES-
MAC protocol can reduce energy consumption, while reducing the network delay, and ultimately extend the use of 
communication time and improve network throughput. 
Thanks 
This paper is funded by the special projects of the central university fund (DL09DB03, DL09BB04), and 
Heilongjiang Provincial Department of Education Science and Technology research project (11553022). 
 
 
Figure 6. The total energy VS. The number of packets 
 
 
Figure 7. The total time VS. The number of packets 
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